Objective Low-income and minority adolescents are at high risk for poor asthma outcomes, due in part to adherence. We tested acceptability, feasibility, and effect sizes of an adherence intervention for low socioeconomic status (SES) minority youth with moderate-and severe-persistent asthma. Design and Methods Single-site randomized pilot trial: intervention (n ¼ 12; asthma education, motivational interviewing, problem-solving skills training, 1 month cell-phone with tailored text messaging) versus control (n ¼ 14; asthma education; cell-phone without tailored messaging). Calculated effect-sizes of relative change from baseline (1 and 3 months). Results Intervention was judged acceptable and feasible by participants. Participants (12-18 years, mean ¼ 15.1, SD ¼ 1.67) were 76.9% African-American, 80.7% public/no insurance. At 1 and 3 months, asthma symptoms (Cohen's d's ¼ 0.40, 0.96) and HRQOL (PedsQL TM ; Cohen's d's ¼ 0.23, 1.25) had clinically meaningful medium to large effect sizes. Conclusions This intervention appears promising for at-risk youth with moderate-and severe-persistent asthma.
twice as likely to have ever been diagnosed and to still have asthma (22% and 17%) as their Non-Hispanic white peers (12% and 8%). Rates for children in poor families (18% and 14%) are similarly higher than their nonpoor peers (13% and 8%) (Bloom, Cohen, & Freeman, 2010) . And Non-Hispanic Black children visit emergency departments, are hospitalized, and experience death due to asthma at rates at least three times higher than rates for Non-Hispanic white children (Centers for Disease Control and Prevention, 2010) . A variety of causes, including access to care, gene-environment interactions, environmental allergens, and nutrition contribute to these disparities (Hill, Graham, & Divgi, 2011) . Proper use of asthma medications is also a likely culprit: National survey data suggest that African-American children are one-third as likely to have used inhaled corticosteroids in the past 3 months and twice as likely to have used daily short-acting b-agonists (Crocker et al., 2009) .
While there are multiple contributors to nonadherence, most theories of health behavior posit that, in addition to knowledge, both motivation and skills are necessary to change behavior (Curry & Emmons, 1994; Fisher, Fisher, Amico, & Harman, 2006; Weinstein, Rothman, & Sutton, 1998) . Indeed, interventions to enhance motivation and build skills have been shown to be efficacious in changing a variety of health behaviors, though have been less studied in adolescents with asthma (Graves et al., 2010; Lundahl, Kunz, Brownell, Tollefson, & Burke, 2010) .
Motivational interviewing (MI), a patient-centered approach to health behavior change, helps patients to resolve ambivalence about change and enhances intrinsic motivation by creating a motivational frame for change (Rollnick, Miller, & Butler, 2008) . Two recent meta-analyses have summarized MI's efficacy (Lundahl et al., 2010; Rubak, Sandbaek, Lauritzen, & Christensen, 2005) . In adolescent populations, MI techniques have been shown to be efficacious in reducing harmful alcohol and drug use (Barnett, Monti, & Wood, 2001; D'Amico & Edelen, 2007; D'Amico, Miles, Stern, & Meredith, 2008; Spirito et al., 2004) , smoking (Colby et al., 2005) , and HIV risk behaviors (Naar-King et al., 2006) . A multisite randomized trial showed that MI in adolescents with diabetes reduced hemoglobin A1C and improved HRQOL (Channon et al., 2007) .
'Problem solving' is the behavior process through which individuals manage daily barriers to adherence and adjust their self-care regimen accomplish adherence (D'Zurilla, 1986; Nezu, Nezu, Felgoise, McClure, & Houts, 2003) . Problem-solving interventions have been shown to be efficacious with parents of children with chronic health conditions (Varni, La Greca, & Spirito, 2000) including asthma (Seid, Varni, Gidwani, Gelhard, & Slymen, 2010) , cancer (Sahler et al., 2005) , traumatic brain injury (Wade, Wolfe, Brown, & Pestian, 2005) , attention-deficit hyperactivity disorder (Barkley, Edwards, Laneri, Fletcher, & Metevia, 2001; McCleary & Ridley, 1999) , and oppositional defiant disorder (Greene, Ablon, & Goring, 2003) . Although problem-solving has been relatively less studied in adolescent populations, it has been shown, in adolescents with Type 1 diabetes, to improve self-efficacy (Howells et al., 2002) , metabolic control through increased frequency of blood glucose testing (Cook, Herold, Edidin, & Briars, 2002) , anxiety, stress, and coping (Hains, Davies, Parton, Totka, & Amoroso-Camarata, 2000) , and quality of life (Grey, Boland, Davidson, Li, & Tamborlane, 2000) .
An intervention that combines MI and problemsolving skills training (PSST) may be particularly appropriate for adolescents. MI emphasizes a collaborative process, ensuring cultural appropriateness and acceptability for adolescents, given developmental trajectories of self-determination (Cook et al., 2002; Velsor-Friedrich, Vlasses, Moberley, & Coover, 2004) and adolescents' tendency to respond more positively to a motivational approach (Brown & D'Amico, 2001; D'Amico, 2005; D'Amico & Fromme, 2002) and to prefer an interactive versus didactic style (D'Amico & Edelen, 2007) . PSST is useful for this age group as adolescents expand their range of experiences and situations and thus, opportunities for problem-solving.
Text messaging is also culturally appropriate and a pervasive form of communication for adolescents. Tailored text messaging could strengthen adherence interventions for adolescents. Neurocognitive research (Paus, 2005; Steinberg, 2005) suggests that the adolescent brain is still developing and that adolescents are highly susceptible to social and emotional stimuli and relatively poor at assessing risk, particularly when excited or under stress (Steinberg, Cauffman, Woolard, Graham, & Banich, 2009) . Thus, text messages may serve as a bridge from the in-person component of an intervention to the adolescent's 'real' life (hence ''In Vivo''). Current data for the efficacy of text-messaging, however, is mixed: Text messaging was associated with improved adolescent adherence to medication post liver transplant, but this single-group pre-post trial had no control group (Miloh et al., 2009 ). Sweet-Talk, a text-message system for adolescents with diabetes, was shown in a randomized clinical trial to be efficacious with respect to self-efficacy and self-reported adherence, but not clinical outcomes (Franklin, Waller, Pagliari, & Greene, 2006) . Despite these promising approaches, however, there are very few interventions to enhance adherence in low-income adolescents with asthma, and none that combine the three elements of MI, PSST, and text messaging. A single published report exists to demonstrate the efficacy of MI in promoting asthma medication adherence in inner-city African-American adolescents (Riekert, Borrelli, Bilderback, & Rand, 2011) . While MI was shown to improve motivation, readiness to change, and asthma quality of life, the single-group pre-post design of this study limits conclusions. A randomized trial testing an interdisciplinary asthma self-management intervention that included problem-solving as the main behavioral intervention resulted in less utilization, but neither asthma symptoms nor health-related quality of life differed between groups (Walders et al., 2006) . No trials of texting exist yet for adolescents with asthma.
This gap in the knowledge base has significant implications for treating this at-risk population. To address this need, we present a theoretically-driven adherence intervention for adolescents with asthma that combines MI and PSST with tailored text messaging. We describe acceptability, feasibility, fidelity, and estimated effect sizes of an adherence intervention that integrates MI, PSST, and text messaging to reduce asthma symptoms and improve HRQOL in a sample of predominantly low-income AfricanAmerican adolescents with moderate-or severe-persistent asthma. We also test for estimated effects for increased motivation, intention to change, patient activation and reduced barriers to adherence.
Methods
To determine intervention acceptability, we performed focus interviews in which the in-person intervention was demonstrated and the tailored text-messages were described. One-week trial runs with in-person debriefing interviews were used to assess participants' assessment of feasibility-ease of use and technical issues relating to having the cell phone and receiving the programmed text messages. To determine fidelity and effect sizes, we performed a single-site randomized clinical trial, comparing a control condition (asthma education and cell phone without tailored text messaging) to the intervention (asthma education, in-person MI and PSST, cell phone with tailored text messages). The study was approved by the Institutional Review Board at Cincinnati Children's Hospital Medical Center (CCHMC). Since this was a small pilot trial and not intended to test efficacy, we did not register with clincaltrials.gov.
Setting
Subjects were recruited from the Teen Health Center (THC) in the Division of Adolescent Medicine and from the asthma outpatient clinic in the Division of Pulmonary Medicine at CCHMC. The THC is an active clinical research site and provides over 24,000 visits a year to adolescents and young adults from Cincinnati and the surrounding area. It provides primary health care services for a largely poor, underserved inner city population and referral care for youth with complex problems. The THC averages 1200 visits per year for adolescents with asthma. The Pulmonary Medicine Asthma Center clinic is staffed by pediatric pulmonologists and allergists and provides diagnostic testing, consultative and chronic care to children and adolescents with asthma. The Asthma Center has almost 6,000 patient visits per year and sees approximately 1,800 new patients annually. Patients come from a broad demographic background, but with a predominance of poor, inner city youth.
Participants
Adolescents (ages 12-18 years) diagnosed with moderateand severe-persistent asthma according to National Heart, Lung and Blood Institute (NHLBI) criteria were eligible if they had experienced asthma symptoms in the prior 2 weeks. Exclusion criteria included: (a) comorbid conditions that would affect care (e.g., oppositional defiant disorder, conduct disorder, substance use disorder, psychoses, mental retardation) or outcomes (e.g., other pulmonary disorders, neuromuscular disorders that affect breathing), (b) youth who had previously participated in developmental phases of the study intervention, or (c) youth who did not speak English.
Participant Recruitment
Participants for the pilot trial were recruited between October 12, 2009 and September 14, 2010. The final follow-up was completed in January, 2011. Potential participants were identified via chart review and self-referral. They were recruited during scheduled visits to the THC or via post card and phone call from the Asthma Center. We modified our recruitment strategy on April 21, 2010 (200 days into recruitment) when the IRB approved offering incentives to parents and increasing adolescent incentives. We streamlined logistics in May 24, 2010 (233 days into recruitment) so that interventionists performed the baseline assessment, thus obviating the need to coordinate schedules with an assessment research assistant.
Randomization
The randomization scheme was constructed utilizing a uniform random number generator from Microsoft Õ Office
Excel 2003. Allocations were predetermined and concealed in privacy-guard envelopes, which were opened by research staff at the study site only after baseline assessments were completed.
Intervention Condition
The intervention consisted of two brief in-person sessions approximately 1 week apart and 1 month of tailored text messages using either the participant's own phone or a study phone. The in-person sessions consisted of asthma education (access to asthma.starlight.org for 25 min with encouragement to continue to access the site after the study visit), and a combined brief MI and PSST component (lasting approximately 45 min during Session 1 and 25 min during Session 2). This component of the intervention used a brief MI approach to create a collaborative environment to help the adolescent to construct the motivational frame for self-management (e.g., what are the pros and cons of improving self-management, what are the adolescent's motivations for improving self-management). Once a shared understanding of the adolescent's motivational frame emerged, the problem-solving portion of the component was delivered, tailored to the adolescent's motivational frame and any barriers to adherence. Problem-solving was presented as a general model in which patients are taught to identify the problem to be solved, define alternative solutions, evaluate and choose the best solution(s), act them out, and see how it works. The intervention was standardized by using a script and intervention booklet (available from MS). Participants were provided a cell phone with unlimited text and voice or, if they had a pay-as-you-go phone, with phone-cards for unlimited text and voice. Participants with phones and calling plans were given the option to use a study mobile phone. Participants who were loaned study phones were asked to return them at their scheduled 1 month post-baseline study visit. All text messages, voicemails, contacts, photos, data downloads, and any other personally identifiable information was promptly deleted from the phones upon return. Intervention subjects received tailored text messages for a duration of 1 month. The tailored text messaging serves as a way to bridge this learning to real life situations and to provide coaching tailored to time and situation. Text messages were derived from adolescents' input. They were introduced as 'messages from you to yourself' and served several functions. First, they allowed adolescents to deliver behavioral cues (reminders) to themselves. Examples of behavioral cues included: ''Take your meds and go exercise,'' and ''Remember to have your inhaler on you at all times.'' Second, they allowed adolescents to send themselves 'booster' motivational interventions generally serving to remind the participants of their reasons for change. Examples of the booster messages selected by the participants included: ''Keep up the good work,'' and ''Don't quit. You can do it.'' Third, a query was sent to the participants via text message that read, ''Doing okay with your asthma? If not, call . . .'' The phone number included in the query routed the participant to a nurse asthma coach who could assist the participant in applying his/her problemsolving skills to the immediate symptoms or situation. The text messages were sent to participants on an individually customized schedule. At weekly intervals for 1 month, interventionists contacted participants (by voice or text) to ensure they were receiving their text messages, to assess motivation, and, if appropriate, enhance motivation using MI.
Control Condition: Asthma Education and Mobile Phone
Control subjects were provided with asthma education, as above, and a mobile phone with equivalent voice and text allowances. They were not provided with the tailored text messaging.
Interventionists, Training, and Fidelity
Interventionists were two masters-level graduate students in counseling psychology. Training for the current study consisted of a workshop on MI and group and individual practice, with a total of approximately 20 h of training for each of the facilitators over a 2-week period. They were trained in MI by EJD who is a member of the Motivational Interviewing Network of Trainers (MINT). To ensure fidelity of intervention delivery after training, all intervention sessions were audio-recorded and facilitators were also supervised weekly by MS and EJD.
In addition to the interventionists, two registered nurses with extensive asthma experience served as asthma coaches. Asthma coaches were on-call from 7 a.m. until 11 p.m. to respond in the event a participant needed coaching. Asthma coaches did not provide medical advice, but rather helped participants in the intervention group to use problem-solving skills to address asthmarelated issues. Asthma coaches also received 2 days of intensive training in motivational interviewing and problem-solving skills training, including both didactics and role-playing. Additional role-plays with investigators (MS, EJD) ensured mastery of both MI and PSST skills.
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Fidelity to the intervention was assessed in two ways. A behavioral checklist of prescribed interventionist behaviors was used to measure the extent to which the interventionists followed the script. Two trained coders also scored each intervention session using the MITI 3.1 (Moyers, Martin, Manuel, Miller, & Ernst, 2009 ) to ensure that the intervention was delivered using MI.
Outcomes
Since this was a pilot trial, we measured several types of outcomes. As a manipulation check (i.e., did our MI intervention increase motivation?), we measured participant activation, intention, and motivation. As a test of the potential mechanism of effect (i.e., did our intervention reduce barriers to adherence?), we measured adherence barriers. As a measure of potential efficacy, we measured asthma symptoms and HRQOL. Measurement occurred at baseline (T1), at 1 month post-baseline (T2), and at approximately 3 months post-baseline (T3). For each post-baseline time point, the deviance allowed was 1 week prior and 2 weeks post the scheduled time point. Study staff who administered surveys were blind to participant condition.
Manipulation Check
Motivation was assessed via two items. Adolescents were asked, ''On a scale of 1-10, where 1 is not motivated at all and 10 is very motivated, how motivated are you to take your [name of daily medicine] every day?'' and, ''On a scale of 1 to 10, where 1 is not motivated at all and 10 is very motivated, how motivated are you to avoid things that make your asthma worse?'' (Riekert, Borrelli, Murphy, & Rand, 2005) . Intentions are usually assessed in relation to specific treatment behaviors. We measured intentions on a 0 to 10 scale with respect to 'controlling my asthma' via the Intention Measurement for Adherence Studies, a three-item measure derived via factor analysis and which has been shown to be responsive to interventions (Miller & Johnson, 2008) . We measured patient activation using the Patient Activation Measure (PAM), a 13-item measure (scaled 1-4) that assesses patient knowledge, skill, and confidence for self-management and which has been shown to be internally consistent and to correlate in the expected direction with healthy and self-management behaviors. (Hibbard, Mahoney, Stockard, & Tusler, 2005) .
Barriers to Adherence
Barriers to Adherence was measured with the PedsQL TM Asthma Module Treatment Problems Scale (Chan, Mangione-Smith, Burwinkle, Rosen, & Varni, 2005; Varni, Burwinkle, Rapoff, Kamps, & Olson, 2004) . This scale yields scores from 0 to 100 and is internally consistent, has been shown to correlate with the PedsQL TM 4.0 Generic Core Scales Total Scale Score, and has demonstrated sensitivity to asthma disease severity and responsiveness to interventions (Josie, Greenley, & Drotar, 2007) . Additionally, we used the Illness Management Survey (IMS) (Logan, Zelikovsky, Labay, & Spergel, 2003) , a brief, internally consistent self-report of adolescents' perceptions of barriers to adherence, scaled 1-5.
Asthma Symptoms
We used two measures of asthma symptoms. Participants reported the number of asthma symptom days (cough, wheeze, or shortness of breath) during the preceding 2 weeks (Evans et al., 1999) . They also completed the PedsQL TM 3.0 Asthma Module Asthma Symptoms Scale (Chan et al., 2005; Varni et al., 2004) . The standard error of measurement (SEM) is often used as a distribution-based metric for a scale's clinically important difference (Wyrwich et al., 2005; Wyrwich, Nienaber, Tierney, & Wolinsky, 1999) . Previous research documents a PedsQL Asthma Symptoms Scale SEM of 8.7 and, in this sample, the SEM is 6.6 points.
Health-Related Quality of Life
Health-Related Quality of Life (HRQOL) was measured using the PedsQL TM (Pediatric Quality of Life Inventory TM ) 4.0 Generic Core Scales (Varni, Burwinkle, & Seid, 2006; Varni, Burwinkle, Seid, & Skarr, 2003; Varni, Seid, Knight, Uzark, & Szer, 2002; Varni, Seid, & Kurtin, 2001) .
In over 650 peer-reviewed journal articles comprising more than 135,000 children and their parents, the PedsQL TM 4.0 Generic Core Scales has been shown to be reliable, valid, sensitive to disease severity, responsive to change, and responsive to PSST intervention in this population. The PedsQL yields a 0-100 score, the mean for community samples is approximately 83, and a clinically important difference is approximately 4.36 points for self-report (Varni et al., 2003) .
Analysis
The main goal of this pilot efficacy trial is to generate data in order to estimate effect sizes to be used in planning a larger clinical efficacy trial. The study was designed as a repeated measures design with measurements at baseline (T1), Month 1 (T2), and Month 3 (T3). Effect sizes were calculated based on the change from baseline at Month 1 (T2-T1) and Month 3 (T3-T1). Baseline values for each outcome variable were compared between treatment groups using the Wilcoxon Rank-Sum test. All tests were conducted at the two-sided, 5% level of significance. All statistical analyses were performed using SAS Õ Version 9.
For each outcome measure, a repeated measures analysis of variance with subjects as a random effect was performed with change from baseline as the dependent variable, and treatment, month (i.e., Month 1 and Month 3) and treatment by month as fixed effects and baseline value as a covariate. Least Square (LS) Means for the change from baseline scores at Month 1 and Month 3 for each treatment group and the 95% CI and the difference between treatments (and 95% CI) were calculated. The assumption of normality was tested using the Shapiro-Wilk W test and significant deviation was not found for most of the variables. Because the correlation matrix was a 2-by-2, there is only one off-diagonal and therefore it was not necessary to check for spherecity. Cohen (Cohen, 1988) .
Results Participants
For the acceptability focus interviews, eight teens and five caregivers of adolescent asthma patients were interviewed. All teens [average age 15 (SD ¼ 1.3)], had persistent asthma, public insurance, and were African-American. Caregiver (four mothers, one aunt) education ranged from less than eighth grade to Associates Degree. For feasibility dry-runs, nine teens [average age 14.67 years (SD ¼1.1)] were enrolled. All had persistent asthma, three were male, all but one were African-American, and all but one had public insurance. Figure 1 shows the participant flow for the pilot trial. Of 153 potentially eligible patients, 61 (39.9%) could not be contacted to determine eligibility, 11 (7.2%) were ineligible, and 52 (34%) declined to participate, leaving 29 (19%) of potentially eligible patients consented. Figure 2 shows a run chart of cumulative enrollment over time, annotated to show the changes in incentives and logistics. Once these modifications were in place, we were able to recruit 1.25 patients per week. Parental permission for one patient was obtained, but this patient never arrived to the scheduled appointment; no randomization was made for this patient. Two participants were withdrawn from the study; they were randomized into the intervention group, but never completed the second session of their baseline study visit. Several attempts were made to contact these three individuals to reschedule their appointments, but either the contact phone numbers provided were out of service, or they did not arrive to the rescheduled appointments. This left 12 patients for analysis in the intervention condition and 14 in the control condition (17% of eligible patients); we achieved 100% follow-up at both 1 and 3 month assessments, so 12 intervention and 14 control patients were available for analysis.
The average age of patients was 15.1 years (SD ¼ 1.67, range ¼ 12-18 years). As can be seen in Table I , the majority of participants were African-American, female, on publicly funded health insurance, and diagnosed with moderate-persistent asthma. Comparisons of demographic variables were performed for gender, age, and asthma classification. No comparisons were done for race nor insurance status due to the sparseness of data in cells other than ''African-American'' and ''Public''. The only significant difference detected in the demographic variables was for asthma classification (p ¼ .04). All analyses were adjusted for baseline measures and any differences between treatment groups due to the difference in asthma classification are likely reflected in the baseline measure. Therefore, we did not make an additional adjustment for this variable. Nine of 14 controls and 9 of 12 intervention participants were lent cell-phones, with the remainder receiving phone cards.
Acceptability and Feasibility
All participants found the intervention to be appealing and acceptable-so much so that several wondered about reactivity to being randomized not to receive the intervention. This response led to our decision to provide control subjects with a cell-phone. Both teens and caregivers identified that one potential benefit of the intervention would be a decrease in parent-child conflict if ''someone else nagged'' the teen about adherence. Teens particularly liked the idea that they would be able to tailor the messages to themselves. Usability tests led to a change in the technological platform for the messaging system. The original platform was web-based, via wireless application protocol (WAP) push messages. The few seconds these messages took to load on the handset proved unacceptable to the teens (''It takes, like, forever to load''). We switched to simple short message service (SMS) text, which was deemed much more acceptable and familiar to the teens.
Several striking themes were noted during the interviews for the feasibility test. Teens were uniformly enthusiastic about the intervention. They were reluctant to have the text messaging discontinued, and several of those with their own phones spontaneously reported that they were going use their phone's calendar function to continue sending themselves reminders. As well, teens reported reduction in parent-teen conflict around asthma selfmanagement. This was corroborated by parents, who reported a feeling of relief at not having to remind their child to take their medications. Based on these responses, the intervention was judged to be feasible from the participants' point of view. Declined -n=29 Passive decline -n=18 Declined: too busy -n=5 Declined: not interested -n=4 Declined: parental involvement -n=2
Declined/ineligible, Other -n=8 Inoperable Phone Numbers -n=19
Eligibility Not Determined -n=61
Withdrawals -n=3
Declined to Participate -n=52 Figure 1 . Participant flow.
Fidelity
Fidelity was assessed for the first intervention session as this session had the bulk of intervention behaviors and concepts. Fidelity, expressed as a percent of prescribed intervention behaviors performed, was 88.1% overall. However, the interventionist performed only 40% of prescribed behaviors for the first participant randomized to the intervention group. If this participant is excluded, the interventionists performed 92.5% of prescribed behaviors. MITI ratings (on a scale of 1-5, where 5 is most adherent to MI principles, averaged 3.89 (SD ¼ 0.63) across all codes and across raters. Asthma coaches were used only rarely.
Effect Sizes
Means and standard errors for manipulation check variables, barriers to adherence, asthma symptoms, and HRQOL are displayed in Table II . Treatment groups were compared at baseline for each outcome measure and no significant differences were found. Effect sizes are displayed in Table III . As can be seen, there were estimated effects for all categories of variables. Changes from T1 to T2 and from T1 to T3 for the intervention condition were consistently greater than changes for the control condition. Effect sizes tended to be in the small to medium range for manipulation check variables, in the medium range for barriers to adherence, and in the small to large range for asthma symptoms and HRQOL. Effect sizes were sustained from T2 to T3 despite the fact that the cell phone portion of the intervention ended at 1 month. The increase (improvement) in the PedsQL Asthma Symptom Scale scores for the intervention condition (9.47 and 14.02 points over baseline at 1 month and 3 months) and the relative increase of 10.94 points compared to the control condition at 3 months are all greater than the SEM for this scale. The increase in the PedsQL Generic Core Scales Total Scale Scores of 9.03 points for the intervention group at 3 months, and the relative increase, compared to the control group of 11.64 at 3 months are two to three times greater than the clinically important difference for this scale.
Discussion
This pilot trial suggests that a brief MI and PSST adherence intervention supplemented by short-term tailored text messaging is acceptable and feasible and can be delivered with fidelity by graduate students in a master's level psychology program. Most importantly, we have shown that this adherence intervention is promising with respect to increasing patient activation, intentions, and motivation to change; reducing barriers to adherence; reducing asthma symptoms; and increasing HRQOL in adolescents with moderate-and severe-persistent asthma. In addition to demonstrating effect sizes, the measures of asthma symptoms and HRQOL also showed clinically meaningful differences. The intervention group had more than 1 day fewer asthma symptoms in the past 2 weeks versus baseline and versus the control group at both 1 and 3 months postbaseline. For the PedsQL measures of asthma symptoms and generic HRQOL, the absolute and relative Intervention for Risk Adolescents With Asthma 397 differences in scores exceeded the clinically important differences for these scales. Interestingly, effects were maintained, and in the case of asthma symptoms and HRQOL, increased at 3 month follow-up, 2 months after the intervention ended. There are several potential explanations for this. It may be that, as with the feasibility subjects, patients in the intervention condition continued to give themselves reminders, either through their cell phones or by some other means, after the formal intervention ended. Another explanation might be that after 1 month of daily reminders and practice, behavior changes might have become habits even in the absence of reminders. The increase from a small (T2) to a very large (T3) effect size for generic HRQOL might be due to decreased barriers to adherence and symptoms at 1 month leading to better overall psychosocial and physical functioning at 3 months.
This study is the first to test a theoretically derived intervention combining motivational interviewing, problemsolving skills training, and text messaging. Following major theories of behavior change, we reasoned that, especially for adolescents, an intervention would need to enhance intrinsic motivation, provide behavior change skills, and bridge these components to real-life settings in order to improve asthma adherence. A particular strength of this intervention is the integration of a model of intervention (MI and PSST) with a method of delivery (text messaging), both of which are uniquely suited to facilitate selfmanagement in adolescents. While other studies have investigated the efficacy of components of this intervention in adolescents with asthma with mixed results (Riekert et al., 2011; Walders et al., 2006) , our results suggest that an integrated intervention is promising.
In this pilot trial, recruitment was a difficulty. Although we were able to increase our recruitment rate by modifying incentives and logistics, slightly less than two-third of eligible patients declined (either actively, or passively by not responding) to participate, despite a low intensity (two visits) and potentially desirable (e.g., cell phone) intervention. Recruitment, both in general and of low-income and minority populations, is a well-recognized problem in intervention studies (Ford et al., 2008) . Issues such as logistics (e.g., lack of transportation), competing priorities (e.g. food insecurity), and distrust of research, among others (Yancey, Ortega, & Kumanyika, 2006) , are barriers to recruitment. This limits the generalizability of our findings and highlights the difficulty of performing this type of research. In future work, it will be important to (a) offer incentives to both adolescents and to parents, recognizing that parents often have to take time off work or make other arrangements to ensure their child is able to participate. (b) Offer use of a cell phone (or minutes) for both intervention and control. This increases internal validity, reduces reactivity to being randomized to control, and acts as an additional incentive for participation. (c) Offer evening and weekend hours for the intervention visit. (d) Follow standard procedures to ensure high rates of follow-up, including gathering contact information for several people likely to be able to contact the subject, periodically updating contact information, and contacting patients for updated information at the time of other clinical visits. (e) Adequately staff the project such that patients can be recruited, consented, enrolled, randomized, and run at the time of their clinic visits. Given the pilot nature of this trial, there are other limitations, most obviously the lack of power to determine efficacy. However, the potential effect sizes found in this pilot suggest that a fully-powered multi-site randomized clinical efficacy trial is warranted. The relatively small sample size poses a danger that the point estimates for the effect sizes may be somewhat unstable. However, our results across all outcome measures are consistent, which suggests that even if the point estimates are unstable, they are unlikely to be substantively incorrect. The results of a single-site study may not generalize to other sites; this requires further testing. The recruitment rate highlights one difficulty in this type of research and the larger number of nonparticipants and high female to male ratio of our subjects potentially limits the representativeness of the sample and the generalizability of the findings. We did not have IRB approval to record data on nonparticipants, further limiting our ability to generalize these findings. As well, we did not directly measure adherence to inhaled corticosteroids and so cannot be sure that the reductions in asthma symptoms were an effect of improved adherence. Given limited resources and the pilot nature of this trial, we did not include an attention-equivalent control condition: Without balancing the two groups in the amount of time and attention received (for example, by providing health education to the control group equivalent to the time spent in MI/PSST for the intervention group), it is unclear whether the results are due to general attention (4.08, 19.21) or to the specific intervention. As well, issues such as recruitment, the need for cell-phones with generous plans, and staff training and time might limit the intervention's real world effectiveness-a concern to be addressed once efficacy has been conclusively established.
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